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A detailed perusal of scientific literature dedicated to the 
right ventricle virtually forces a conclusion that the right 
ventricle works in close accord with the left ventricle, that 
the fWI) ventricies greatiy influence each other’s behavior 
and that. therefore, they should be analyzed jointly because 
they in essence represent a teleologically single physiologic 
functional unit (1). Despite many new investigative techno- 
logic advances in cardiology, however, it is often still very 
difficult (and at times impossible) to study concomitantly 
right and left ventricular volume-pressure characteristics. 
Nevertheless, because of exceedingly complex and some- 
times subtle interventricular interactions. such comprehen- 
sive studies not only frequently represent the most reward- 
ing approach in this intricate field hut, whenever actually 
carried out, also indicate quite persuasively that many 
ventricular performance characteristics that still defy our 
complete understanding may be resolved oniy when the 
simultaneous biventricular analysis is implemented. This 
seems to be especially important in heart conditions where 
the interventricular septum and the myocardiai fibers, which 
normally encircle both ventricles in continuum, are not the 
only common features shared by the two chambers, but 
when there is an additional complicating problem due to the 
abnormal (congenital) shunt connecting the left and right 
sides of the heart. 
In this issue of the Journal, Booth et al. (2) attempt 10 
analyze left ventricular compliance in atria1 septal defect. 
Many studies have been dedicated to this and similar com- 
plex problems; agreement as to what happens to left ventric- 
ular function if a sizable atrial septal defect is not corrected 
for a considerable period of time is still far from unanimous. 
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It has been recognized for many decades that the left 
ventricle in atrial septal defect may eventually fail. This 
phenomenon. however. has intrigued many investigators 
because in such a defect the left ventricle is certainly not 
overburdened because, before ventricular systolic pressures 
equalize (but while the two atria are operating at common 
pressures). the right ventricle is “overlilled.” yet the left 
ventricle is actually “underWxi” (3), Thus, the left ventri- 
cle (putting adde for an instant the possible adverse contri- 
butions of an enlarged right ventricle) could conceivably fail 
because it remains underutilized (though it is quite unclear as 
to why and how such a steady underutilization could cause 
failure). but the overexkvzsion of the left ventricle through 
volume or pressure overload was clearly out of the question 
for most 7atients through most of their natural cardiac 
disease history. Why then left ventricular failure? 
Fn....- CILUJIJ I”1 C- !ef: ventriiiar dysftinctin in atrial septi 
defect. One of the first postulated causes, beyond the under- 
utilized and thus even “hypoplastic” left ventricle, was 
attributed to the similar mechanisms present in hypertrophic 
obstructive cardiomyopathy: the left ventricular cavity can 
be purportedly er.croached on by the right ventricular ovet- 
load-induced septal hypertrophy. causing an interference 
with left ventricular filling (4). Subsequent work began to 
alter these original observations. It was proposed that the 
left ventricle in adults with atrial septal defect is generally 
normal and fails only after the right ventricle fails because of 
volume and pressure overtoad (5). Nevertheless. the concept 
of “underutilized left ventricle’* in atrial septal defect (with 
decreased left ventricular end-diastolic volume yer normal 
left ventricular end-diastolic pressure, and early systolic 
bulging of the upper ventricular septum ;oward rhe right 
ventricle) (6) continued to reflect some of the earlier obser- 
vations-that there probably is an intrinsic left ventricular 
abnormality in this congenital cardiac disorder. In concert. 
other studies (78 concurred that the left ventricle in atrial 
sepia1 defect exhibits a significantly smaller cardiac index, 
stroke volume index and stroke work index; simitar reduc- 
tions in left ventricular end-diastolic volume (in combination 
with normal left ventricular end-diastolic pressures) were 
surmised to represent the reduced compliance of the left 
ventricle (9). Soon thereafter, the smaller left ventricular 
diameter in patients with atrial septal defect was confirmed 
by noninvasive (echocardiognphic) techniques in yet an- 
other study (IO), but the echocardiographic findings were 
subsequently thought to be possibly misleading in that these 
noninvasive images represent the left ventricle whose ven- 
tricular rotation is very exaggerated in this cardiac abnor- 
mality (I I). In a relatively large ensuing study (12) of 53 
patients with secundum atriai septal defect (analyzed echo- 
cardiographically and by cardiac catheterization), the left 
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ventricular size was again found to be significantly smaller 
than is normally seen and septal motion was abnormal in the 
vast majority of patients, but a whole array of left ventricular 
performance indexes was totally normal, 
Because right ventricular volume overload has been 
shown to !end at times to a complete reversal of the normal 
diastolic direction of septal curvature, however, resulting in 
a net paradoxical motion of the interventricular septum 
(bending inwardly toward the left ventricle during diastole 
and then returning to the near normal configuration during 
systole) (13). it continued to be believed that many causes of 
right ventricular volume overload-including atrial septal 
defect-can provoke alterations in the left ventricular dia- 
stolic configuration by this mechanism and thus presumably 
cause the decreased left ventricular compliance. Further- 
more, this paradoxical interventricular septal motion can 
explain diminished end-diastolic volume and distensibility of 
the left ventricle, can cause an enhanced amount of blood to 
be ejected from the right ventricle and may thus easily 
account even for some decrease in the left ventricular 
systolic function. The most rece*-r research reports, how- 
ever, lean heavily away from explanations encompassing 
inrrinsic left ventricular dysfunction in atrial septal defect 
and try to make a case for the thesis that rhc left ventricular 
performance abnormalities in this condition are due to 
otherwise reversible mechanical factors. Thus, when left 
ventricular performance is mildly diminished before an atria1 
septal defect repair, this dysfunction was presumed to be 
primarily related to the volume overload of the right ventri- 
cle (rather than to the primary impairment of the left 
ventricular myocardial contractility) (14). In the same vein, a 
number of studies (15,16) tend to substantiate the precept 
that left ventricular dysfunction is due to the right ventricu- 
lar volume overload and that it is characterized mostly by 
diastolic filling abnormalities rather than by intrinsic, irre- 
versible impairment of left ventricular contractility. In very 
strong support of this thesis is the elegant research (17) that 
showed that the response of the left ventricular ejection 
fraction to exercise was frequently abnormal in atrial septal 
defect, but that this impaired response was resolved in all 
patients after operative closure of the defect. 
Reversibility of left ventricular dysfunction. Within the 
last year it has been shown (18) quite convisci~8!y &ii ihe 
origir! cf p&monary hypertension in atrial septal defect 
cannot be attributed only to the left to right shunt, but also to 
frequent pulmonary arterial thrombosis. Yet, in pulmonary 
hypertension due to conditions other than those associated 
with congenital cardiac shunts, the left ventricular function 
at rest generally remains well preserved (19). 11 is therefore 
very gratifying that the operative correction of atrial septal 
defect and the concomitant decrease in right ventricular 
volume overload makes the diastolic left ventricular config 
uration, jointly with the abnormal interventricular septal 
curvature, return lo normal in the majority of patients (20) 
implying that these phenomena can adversely affect left 
ventricular function. but that this aberration is almost com- 
pletely reversible after the postoperative right ventricular 
volume overload regresses &spire the possible continuing 
presence of pulmonary hypertension. Even more encourag- 
ing may be the recent finding showing that the frue septal 
paradox in patients with right ventricular volume sveiload is 
only an early systolic event and that the apparent persistence 
of measured septal paradox beyond early systote is an 
artifact due to anterior left ventricular translation-a fact 
that helps to explain the preservation of left ventticular 
function in right ventricular volume overload despite appar- 
ently sustained septal paradox (21). 
The present study by Booth et al. (2). This study partially 
returns to the precept that (despite the previously mentioned 
findings) there nevertheless probably are intrinsic left ven- 
tricular abnormalities in patients with atrial septal defect; 
these may eventually lead to the left ventricular failure. 
Enough uncertainties still surround our understanding of left 
ventricular function in atrial septal defect that such an effort 
is not only warranted but is almost mandatory. It is not, 
however, anticlimactic to say that the definitive answers to 
the questions that we still have will probably have to come 
from a carefully designed prospective rather than, as done 
here, a retrospective study; some of the very valid postulates 
that this work evokes-that right ventricular filling dynamics 
may impinge or interfere with left ventricular filling in atria! 
septal defect-can be unambiguously analyzed only if care- 
ful concomitant right ventricular-left ventricular volume- 
pressure data are collected simultaneously, and changes 
seen on one side are then meticulously related to the 
reactions on the other side. Unfortunately, although this 
method is obviously the ideal way to proceed, the invasive 
interventions necessary for such analyses are still too com- 
plex and cumbersome to allow the required investigations to 
proceed with any degree of alacrity. Nevertheless, they are 
very much needed; the patients in this study with elevated 
right-sided pressures, for instance, had a significantly lower 
(retrospectively calculated) left ventricular muscle fiber 
stretch index than did the patients with a normal right 
ventricular pressure profile. This finding clearly, albeit infer- 
entially, attests to the close functional interdependence of 
the two ventricles; it illustrates just one of the mechanisms 
by which right ventricular overload can influence left ven- 
tricular function and virtually begs for the simultaneous 
assessment of the characteristics of the two chambers. 
Increased teft ventricular mass in atrial sep#al defect. Of 
great additional interest in this study (2) is the finding (albeit 
described rather defensively) that the left ventricular wall 
mass is actually greater in patients with atria1 septal defect 
than in normal control subjects. This difference is a totally 
unexpected finding in an otherwise underutilized left ventri- 
cle; previous well designed studies have shown quite con- 
clusively that the thickness of the free left ventricular wall 
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(and thus the ventricular mass) is nor increased in atrial 
septal defect (22,231. Yet, despi’.: these results ml the 
teleologic conclusions that an underutilized ventricle should 
not exhibit an increased ventricular wall mass or hypertro- 
phy, or both, a number of recent studies (2426) suggest that 
hypertrophy of one ventricle leads--perhaps through the 
release of a still unknown “hypertrophy-inducing” stimu- 
lus--to the sequential hypertrophy of its counterpart. That a 
very sensitive intrinsic ventricular interdependence is fre- 
quently present in many cardiovascular disease states has 
already been documented in our laboratories (27) where we 
observed that even in patients with early essential hyperten- 
sion (without any evidence of left ventricular failure) the 
right-sided pressures start to follow their leftsided counter- 
parts and quickly begin to ascend into the pulmonary hyper- 
tension range, It was bckvcd for a long time that such 
derivational pressure overloads are mostly responsible for 
the bypertrophy of the previously uninvolved ventricle now 
subserving its newly hypertensive circulation, but two re- 
cent reports (28,29) convincingly show that even in patients 
without such an overload the heretofore normal ventricle 
begins to increase in mass-foilowing the example of its 
already hypertrophied counterpart-seemingly for no appar- 
ent or clear-cut reason. Whereas most of the research 
indicates that the right ventricle begins to hypertrophy only 
after this process is already established in the left ventricle, 
some experimental studies (.30.31) have actually shown that 
the left ventricle is also “willing” to follow within thip 
scheme of things. Right ventricular hypenrophy is of course 
very frequent in atrial sepia1 defect and, even though not 
assayed in this study, it is probably quite common here as 
well in view of the prevalence of substantial right ventricular 
volume-pressure overload. De+te the fact that it is under- 
standable why the authors want to downplay the significance 
of left ventricular hypertrophy detected in this study, the 
preceding sequence of events may still be very much possi- 
ble and bears further scrutiny and investigation. Indeed, an 
increase in left ventricular wall mass in patients with atrial 
septal defect would actually make sense in relation to the 
demonstrated decrease in compliance in the left ventricle of 
such patients. If this greater stiffness is not at least partially 
due to the enhanced left ventricular mass, is the abnormal 
interventricular septal motion the only cause for the reduced 
left ventricular distensibility? 
Left ventricular relaxation abmmnalities in atrial septal 
&feet. In any event, the prevalence of left ventricular 
relaxation abnormalities (whatever their exact mechanisms 
may be) demands a precise evahation of the total left 
ventricular diastolic function in atrial septal defect. Because 
diastolic dysfunction frequently precedes abnormalities in 
systolic ventricular performance (321, such early harbingers 
of serious impending difficulties are even more important to 
detect; pharmacologic interventions (33), invasive diagnostic 
procedures or even surgery can then most often be per. 
formed early enough before an irreversible condition devel- 
ops. Yet, an accurate assay is bound to be difficult. When the 
right ventricle is simultaneously exposed to a pressure 
overload (as is commonly seen in atrial septal defect). 
relative underfilling of the left ventricle in early diastote 
introduces further methodologic analytical problems (34), an 
adaptive response of the left atrium to diminished left 
ventricuiar compiiance is inlluenced bjj age :?5f. !hc b&b 
right ventricular filling pressures can as such secondarily 
alter left ventricular filling pressures and geometry (36), even 
transient (frequently normal) decreases in left ventricular 
filling pressure can change the measured flow velocity profile 
in a manner that mimics the abnormalities associated with 
impaired left ventricu!ar diastoPc function (37) and, finally, 
different diagnostic techniques can yield roughly comparable 
yet often substantially divergent diagnostic estimates of left 
ventricular diastolic function (38). Considering all these 
difficult diagnostic obstacles, therefore, any retrospective 
study dealing with ieft ventricular diastolic phenomena has 
to be viewed with certain reservations. Not only do the 
myocardi?l pksiologic performance variables change con- 
stantly within a given day, but the interpre?ation of mathe- 
matical derivations based on the study’s measurements 
becomes very problematic when these time-dependent var- 
iables arc not collected simultaneously from both ventricles. 
Conclusions. The definitive answers to questions con- 
cerning the extent of left ventricular pathophysiology in 
atria! septal defect are not yet completely resolved, We can 
all a_eree that the vast majority of obvious “gross” interac- 
tions have been elucidated; the study by Booth et al. (2) 
presented here adds yet another valuable facet to our untk- 
standing of the pathophysiologic changes in this congenital 
heart disorder. The remaining problems need to be further 
investigated; we impatiently wait (and hope) for advances in 
cardiovascular technology whereby we can instantaneously, 
simultaneously and precisely assay d.e bip!nce volume. 
pressure characteristics of the two *ventricular chambers on 
a routine basis. This will represent a great investigative 
progress not only for the heart with atrial septal defect but 
for many other cardiac abnormalities in which ventricular 
interactions play important and often instrumental r&es. 
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